A lthough the complex interplay between health care and the economy has been a topic of great speculation in light of the recent enactment of the Affordable Care Act and the fluctuating financial climate in the United States, there are relatively few articles in the medical literature evaluating the impact of the economy on health care patterns and practitioner volume. Probably the most recognized in the literature are evaluations of elective reconstructive procedures in relation to economic indicators. The most widely studied example of this is with cosmetic "cash" plastic surgery procedures, where an economic downturn can significantly decrease the case volume of cosmetic procedures and vice versa.
1,2 Gordon et al 3 showed that liposuction, breast augmentation, and rhytidectomy volume at their institution were all positively correlated with the Dow Jones Industrial Average, NASDAQ, and Standard & Poor's 500 (S&P 500) indices. Other studies have also investigated how unemployment rates can affect medical or surgical volume, such as by driving family planning decisions and increasing intrapartum fetal stress. 4, 5 Multiple studies have also unfortunately tied child abuse and other risky health behaviors with economic downturns. 6, 7 For clinicians, understanding these correlations is important
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Such data on the relationship between economic activity and case volume have been relatively limited in the field of orthopedic surgery. 8 Gordon et al 9 evaluated the relationship between the US economy and hand surgeon volume and found an inverse relationship, whereby plastic surgeons shift their caseload from cosmetic to hand/reconstructive procedures during times of economic slowdown. Similarly, through a large survey, the American Association of Hip and Knee Surgeons found that its practicing members had a greater than 30% decrease in surgical volume as a result of the 2008 to 2009 economic downturn.
10 Orthopedic traumatology, on the other hand, is a distinct and even less studied entity in the realm of the health care economy that deserves special consideration. 11, 12 Unlike the aforementioned surgical procedures performed on an elective basis or for chronic pathologic conditions, high-energy trauma falls under the realm of emergency services, where economic environment, including insurance status or reimbursement rates, cannot directly influence the individual decision for or against surgery by the patient or the provider in an acute setting. However, emergency services as a whole are not necessarily immune to the effects of economic environment, and some studies have shown significant measurable changes in trauma volume with economic fluctuation as well. [13] [14] [15] [16] Moreover, these procedures are often reimbursed relatively poorly or not at all. [17] [18] [19] As such, the societal cost of high-energy orthopedic trauma can be immense and borne by a combination of sources, including the hospital, the surgeon, and the public. 12 The purpose of this study was to evaluate the precise relationship between economic activity and the incidence of high-energy orthopedic trauma. The stimulus for this study was the changes in volume of orthopedic trauma admissions during several years observed by the senior author (E.E.J.) that appeared to correlate to reported major economic indicators. The authors analyzed California's Office of Statewide Health Planning and Development patient discharge database to determine the monthly trauma incidence from 1995 to 2010 and correlated these values with a comprehensive set of economic indicators, including composite market indices, energy resource and transportation use, and unemployment rate. The authors' initial hypothesis was that orthopedic trauma volume and economic activity would be positively correlated and that a multivariate relationship could be computed to relate them. Patient admissions from the Office of Statewide Health Planning and Development were analyzed using a comprehensive set of codes to identify the monthly incidence of high-energy orthopedic trauma from 1995 to 2010. 15 Patient inclusion in the study required at least 1 diagnosis code and 1 associated procedural code for fractures of the femur, tibia, ankle, pelvis, or acetabulum during the associated hospital admission ( Table 1) . Patients with a pathologic fracture or who were undergoing revision surgery for malunion and/or nonunion were excluded from the study. Trauma incidence, the dependent variable, was calculated by dividing the total number of patient admissions meeting inclusion criteria by the total population of the state of California for the given month per the US Census Bureau.
Materials and Methods

Economic Indicators: Independent Variables
Monthly data on composite market indices, energy resource and transportation use, and unemployment rate were obtained from publicly available government data sources [20] [21] [22] during the study period from 1995 to 2010 ( Table 2) . Where applicable, all primary data collected from the sources were seasonally and annually adjusted. For vehicle miles driven (VMD) and vehicles purchased (VP), the monthly total for the state of California was divided by the state population to determine the monthly use per capita and per 100,000 people, respectively. All other variables were unaltered and unadjusted, as they were derived from the primary source.
Statistical Analysis
Correlation of individual variables was determined using univariate linear regression analysis. Multivariate linear regression was performed using 95% confidence interval and optimized in an iterative fashion to determine one combination where all variables were independently significant. No interaction factors were included in this model. The computed multivariate coefficients and y-intercept were used post hoc to determine a multivariate equation to model trauma incidence during the study period. All analysis was performed using R Project programming language and statistical computing software, version 3.2.1 (R Development Core Team, Vienna, Austria). Statistical significance was defined as P<.05.
results
The average monthly incidence of highenergy orthopedic trauma from 1995 to 2010 was 2.92 cases per 100,000 people. The incidence ranged from a minimum of 2.40 cases per 100,000 in December 2010 to a maximum of 3.31 cases per 100,000 in July 2004.
Linear regression analysis was performed on 15 metrics of economic activity and strength to determine correlation with 1A-F) . Unemployment rate (P<.001) was inversely correlated with trauma incidence (Figure 1G ). Table 3) . These statistically significant variables were divided into 3 categories of economic assessment: composite market indices (Dow Jones Industrial Average, S&P 500, personal disposable income, and Coincident Economic Activity Index for California), transportation use (VMD and VP), and employment (unemployment rate). Group analysis of variables within each of these categories showed statistically significant internal correlation (P<.001) between all head-to-head comparisons ( Table 4) . That is, these variables are inherently related to one another and their simultaneous inclusion in a multivariate statistical model would be redundant.
Next, multivariate linear regression was used to determine a combination of 4 variables that would be statistically significant independent predictors of monthly trauma incidence. Because of internal correlation causing redundancy of these variables in group analysis, the multivariate model was designed to include only 1 variable from each of the 3 categories to avoid the phenomenon of multicollinearity. Multivariate linear regression analysis was performed iteratively with each of the possible 8 combinations to identify a single combination of independently significant predictors of trauma volume: personal disposable income (P<.001), VP (P=.008), and unemployment rate (P=.005) ( Table 5) . As with univariate analysis, personal disposable income and VP were positively correlated and unemployment rate was inversely correlated with trauma incidence in this model (Figure 1) . The multivariate coefficients and intercept from this model were used to determine the Crush Index, a multivariate equation to recapitulate monthly trauma incidence from 1995 to 2010 (Figures 2-3) . The estimations made by the Crush Index were predictive of the true monthly incidences to statistical significance (F-statistic=17.2, P<.001). 
discussion
The results of the authors' analysis show a clear positive correlation between the strength and activity of the US economy and the monthly incidence of high-energy orthopedic trauma in the state of California between 1995 and 2010. This correlation was statistically significant for 7 variables across 3 categories of economic assessment: composite market indices (Dow Jones Industrial Average, S&P 500, personal disposable income, and Coincident Economic Activity Index for California), transportation use (VMD and VP), and employment (unemployment rate). It is unclear why these particular economic indicators were correlated with orthopedic trauma incidence to statistical significance and other practically related ones (eg, NASDAQ, Personal Consumption Expenditures, Leading Index for California, and Consumer Price Index: Total All Items for the United States) were not. However, those achieving statistical significance uniformly supported the authors' initial hypothesis that an increase in volume of high-energy trauma is correlated with a better economy (eg, higher composite market index values, increased VP and VMD, and lower unemployment rate). These findings are consistent with previous reports in both the elective and emergency or trauma literature where an economic upswing is correlated with increased practitioner volume. 1, 2, 13, 18 They are also congruent with the findings in the more limited orthopedics literature on joint reconstruction and hand surgery. 3, 10 As with those reports, the current authors underscore the perennial statistical principle and caution readers that correlation does not imply causation and that the current study does not elucidate whether economic status directly influences trauma or if there is a confounding variable underlying the observed relationship. Of note, 8 of the original 15 economic indicators did not have statistically significant correlation with trauma volume on univariate analysis. This may reflect the complex and likely nonlinear relationship between economic trends and trauma volume. However, the uniform positive correlation between economic strength and orthopedic trauma volume in the 7 variables identified is robust and convincing of the conclusion reached in this study.
Because capturing economic activity with a single metric is an elusive task within any context, the authors chose to analyze a large number of leading, lagging, and coincident indicators compared with other reports in the health economics literature. Composite market indices, such as the Dow Jones Industrial Average and S&P 500, are among the most frequently analyzed in other studies on surgical volume because of their ability to provide a comprehensive, leading statistical measure of overall market or sector performance over time. 1, 3, 9, 23 Similarly, the Coincident Economic Activity Index for California is a coincident indicator that was used to capture the California economy specifically. Albeit less frequently, personal disposable income has been analyzed as an economic indicator in health index studies and is particularly useful because it serves as a conceptually simple and tangible measure of overall financial status at the per capita level. 24, 25 Recently emerging data from the US Department of Transportation's Federal Highway Administration suggest that population-adjusted VMD and VP are consistent and relevant metrics for evaluating economic growth. [26] [27] [28] Furthermore, they are inherently related to trauma volume insofar as an increase in the number of vehicles and amount of time spent driving intensifies the risk exposure to automobilerelated high-energy trauma. [29] [30] [31] Unemployment rate is among the most popular lagging economic indicators. Chan et al 16 found in their single-institution study that orthopedic trauma surgical volume was inversely related to unemployment with a 1-year lag effect. The current authors surmise that times of economic hardship from unemployment may decrease participation in work-related or recreational activities that are risk factors for traumatic injury.
Additionally, this study proposes that the Crush Index is a sensitive multivariate model that can potentially be used to predict monthly orthopedic trauma incidence.
To the authors' knowledge, this study is the first to report this correlation using such a large number of parameters. It is also among the first to develop a quantitative relationship in health economics as a whole. Using the 1995 to 2010 data, the authors were able to systematically optimize 1 demonstrative model using 3 distinct economic indicators (personal disposable income, VP, and unemployment rate) to retrospectively predict monthly orthopedic trauma incidence in the state of California and model its ebbs and flows. Whether models such as the proposed Crush Index serve as a leading, lagging, or coincident composite indicator is difficult to surmise given the 15-year study period and is outside the scope of this study.
In its totality, the authors envision that this model could be useful to analysts at the individual, hospital, or municipal level in guiding preparedness for the benefit of patients and practitioners alike. Studies using more data from beyond 2010 on economic activity and trauma incidence are needed to refine the Crush Index model's quantitative strength and to assess its long-term predictive value.
Limitations
The findings of this study are subject to several limitations. First, the monthly orthopedic trauma incidence was a derived value from California's Office of Statewide Health Planning and Development patient discharge database and is limited by the types and accuracy of data collected. For example, although the inclusion and exclusion criteria attempted to isolate nonpathologic lower extremity trauma requiring surgical intervention (eg, high energy), such a design is susceptible to errors from miscoding and lack of expert review. However, this database has been successfully validated in multiple studies on epidemiological trends and complications in orthopedic surgery and confers a level of statistical power that is necessary for reaching sound populationlevel conclusions. [32] [33] [34] Second, there are a large number of other economic indicators that could be characterized. Although the authors chose variables that are well-known in the economics community as reliable indicators, it is conceivable that there is a combination of variables other than what were used in this study that would better correlate with orthopedic trauma and derive a more predictive Crush Index. Furthermore, because the current study was limited to data from 1995 to 2010, the authors required monthly data points to generate sufficient statistical power and thus excluded important quarterly and annual economic indicators, such as gross domestic product and the Boone indicator.
Finally, the authors acknowledge that linear regression may not be the ideal method for modeling complicated relationships with economic activity and that other designs are worthy of study and may produce a superior predictive relationship. As such, the authors strongly caution readers that the precise quantitative predictive value of the Crush Index, in its current form, is limited for 3 particular reasons: (1) a linear relationship was used for simplicity, (2) the Crush Index is not validated on test-train data and was used to retrospectively model the trauma volume in the state of California from 1995 to 2010, and (3) economic metrics in and of themselves are not predictable.
conclusion
Results from this study show a robust positive correlation between the performance of the economy and the monthly incidence of high-energy orthopedic trauma in the state of California between 1995 and 2010. This correlation has significant policy implications at multiple levels. Hospitals can likely expect to be burdened with an additional amount of patients with high-energy orthopedic trauma in times of economic prosperity. For state and federal budget planners, a percentage of tax revenue allotted for orthopedic trauma spending, as opposed to a specific budget number, may prevent financial shortfalls seen with increasing trauma volume. Models like the Crush Index can be used to measure and verify economic health because of the strong correlation to the Dow Jones Industrial Average and unemployment rate that could be obtainable on a monthly basis. For hospital planning purposes in times of increased hospital income from elective and reconstructive procedures, the hospital should correspondingly expect to treat more patients with orthopedic trauma. Finally, the authors surmise that orthopedic surgeons taking trauma calls can expect to be busier with trauma in times of economic prosperity and the reverse during economic downturn. To see more Blue Ribbon Articles online, visit www.Healio.com/Ortho/BlueRibbon.
